ABSTRACT Advances in science and technology, the Internet of Things, and the proliferation of mobile apps are critical factors to the current increase in the amount, structure, and size of information that organizations have to store, process, and analyze. Traditional data storages present technical deficiencies when handling huge volumes of data and are not adequate for process modeling and business intelligence; to cope with these deficiencies, new methods and technologies have been developed under the umbrella of big data. However, there is still the need in higher education institutions (HEIs) of a technological tool that can be used for big data processing and knowledge management (KM). To overcome this issue, it is essential to develop an information infrastructure that allows the capturing of knowledge and facilitates experimentation by having cleaned and consistent data. Thus, this paper presents a hybrid information infrastructure for business intelligence and analytics (BI&A) and KM based on an educational data warehouse (EDW) and an enterprise architecture (EA) repository that allows the digitization of knowledge and empowers the visualization and the analysis of dissimilar organizational components as people, processes, and technology. The proposed infrastructure was created based on research and will serve to run different experiments to analyze educational data and academic processes and for the creation of explicit knowledge using different algorithms and methods of educational data mining, learning analytics, online analytical processing (OLAP), and EA analytics.
I. INTRODUCTION
Boards of directors in higher education institutions (HEIs) are recognizing the potential and the leading role that Big Data analysis and knowledge management (KM) plays to improve the decision making processes [1] - [4] . The task of analyzing information in HEIs is currently challenging, mainly due to two factors. Firstly, due to a large amount of information generated every day by different applications and gadgets; and secondly, due to the problem of distributed and heterogeneous information systems. The latter problem is known as islands of information or information silos, which is produced by standalone applications dispersed in different departments
The associate editor coordinating the review of this manuscript and approving it for publication was Saqib Saeed. and units of most HEIs. This problem has its roots in the disorganized and non-centralized growth of most HEIs due to the autonomy that their units have. These factors increase the complexity to store, integrate, process and analyze data in HEIs.
Moreover, this complexity upsurges due to the emergence and implementation of new technological devices and software as wearables, apps and web applications which increases the volume of data. One of the solutions to tackle this complexity and to perform a sound analysis of this huge amount of information known as Big Data is the development of an information infrastructure, which integrates processed and cleaned data loaded from different internal and external data sources [5] . This infrastructure for HEIs allows carrying out experiments with high quality data to obtain reliable, believable and accessible information.
One of the reasons for the implementation of this novel education infrastructure is due to the unique business model in universities, which greatly differs from traditional industries as commercial enterprises. The access to information in HEIs is not always easy to obtain mainly due to the hierarchical organizational structure and the levels of power in the academic departments. The proposed infrastructure enables decision support and is primarily based on an educational data warehouse (EDW) to handle KM. KM is a discipline that promotes the creation, use, distribution and transfer of knowledge in organizations [6] . An important strategy for continuous improvement in HEIs is the implementation of a KM system as a differentiating factor that allows providing efficient educational services to students in their academic and administrative processes.
Business Intelligence and Analytics (BI&A) is in the core of the proposed infrastructure. BI&A refers to the technological process of multidimensional analysis of data and Big Data realized with a plethora of tools and techniques to improve the decision making process [7] . The main reasons to use and implement the proposed infrastructure is that this analysis cannot be done with operational data sources since they are not adequate for BI&A, Big Data analysis nor for knowledge creation. The main objective of operational data sources is to support the daily operations of an organization and are built to provision only the storage and handling of structured data. These data sources are regularly busy serving specific software applications and thus, specific business processes. In addition, if they were used for analysis, this would affect the performance of those applications because intensive calculations of billions of records with different data formats and structure are required in some cases. Consequently, there is a growing need for a data repository in HEIs that can be used exclusively for BI&A and KM to improve decision making. This data repository needs to be populated with high quality data and must serve specifically for this purpose [8] .
We sense that one of the shortages of the data analytical process in HEIs is that the implementation of an information infrastructure which stores clean and high-quality data is not always a priority. We have seen that much attention has been paid lately in research to the study of learning analytics and educational data mining (EDM) [9] , [10] . However, very little attention is given to studying the infrastructure and processes that ensure and support that the results of analytics are of high quality and can contribute to making reliable decisions [11] . To cope with this problem, we propose a hybrid solution to support data and organizational analytics. One of the main components of the solution is an EDW. An EDW is one of the core technologies of BI&A for the analysis of Big Data and knowledge creation in HEIs. Data analysis in an EDW can be done using online analytical processing (OLAP) and EDM.
Nevertheless, an EDW cannot store organizational knowledge which resides in models (people and processes). For example the existing relations between businesses processes, employees, applications, and technology. This issue can be solved by the introduction of another tool that allows the modeling, storing and analytics of the organizational components mentioned before. Thus, in order to have a clear picture of these components, the novelty of our proposed approach is the incorporation of an enterprise architecture (EA) tool [12] . According to Gartner [13] ''Enterprise Architecture is the process of translating business vision and strategy into effective enterprise change by creating, communicating and improving the key requirements, principles, and models that describe the enterprise's future state and enable its evolution''. In this paper, we propose a hybrid information infrastructure grounded on BI&A and EA which was implemented in a case study performed on a private university. As far as we know, this is the first approach that tries to integrate these two technologies to create new types of analytics and therefore, first-hand explicit knowledge. Therefore the research question to answer with this work is:
How to implement an infrastructure for BI&A and KM in HEIs oriented to excellence and quality for the satisfaction of administrative staff and the academic community.
After introducing the topic of this paper in this section, the rest of the paper is structured as follows: Section 2 describes the research made to decide on the main components of the proposed infrastructure and explains them in detail; Section 3 presents the hybrid infrastructure and lists the steps for the implementation, moreover, it presents the new types of analytics that this solution can provide; finally, in Section 4 conclusions are drawn and the outlook of the work is described.
II. THEORETICAL BACKGROUND
Previous empirical research indicates the lack of a comprehensive knowledge infrastructure implementation [14] . Hence, this investigation is focused on the development of technological infrastructure for BI&A and KM as a means of value creation for HEIs. After the research done, we propose to hybridize components from different fields to guarantee the analysis of different organizational dimensions and information. Moreover, this infrastructure supports the transformation of information into useful knowledge using BI, machine learning and data mining. Thus, the fields of study which are part of this work are presented in this section. These fields are BI&A, EA, KM, and EDM. Also, this section describes a KM framework, which guides the implementation of the proposed infrastructure [15] .
A. BUSINESS INTELLIGENCE & ANALYTICS
BI&A is ''a system comprised of both technical and organizational elements that present historical information to its users for analysis and enables effective decision making and management support, for the overall purpose of increasing organizational performance'' [16, p. 161] . BI&A in HEIs builds upon a set of tools and applications that enable the analysis of data and Big Data to improve data governance and performance [17] . To achieve this objective, stakeholders VOLUME 7, 2019 require having access to all the required information in the organization. A data warehouse is a preferred repository to analyze the business, its requirements, and its trends. The BI&A process that we suggest goes beyond the analysis of data from applications. The infrastructure recommended in this investigation implements technology for capturing the business processes and the services that are offered in the organization across the technological infrastructure and through the applications and information systems.
Markets and Markets project the worldwide BI market will reach $26.88 billion in 2021 [18] . The BI market includes all BI&A platforms, management suites, and advanced analytics solutions [19] . One of the key applications of BI&A is the creation of knowledge to enable informed decision making [20] . The creation of knowledge involves establishing procedures for capturing implicit and explicit knowledge from people, processes, and technology and set up a mechanism for analyzing this knowledge in the quest to find new related information that once again can infer new knowledge. One of the key disciplines that support the initiative to identify the relationships between knowledge dimensions is EA.
B. ENTERPRISE ARCHITECTURE
Advances and innovation in science and technology, as well as pressure for increasing student's admissions and internationalization, have led to a very complex environment in educational organizations. Besides, regulation and deregulation imposed by governments and accreditation institutions cause the implementation of technological changes to be extremely challenging due to a lack of understanding of the consequences and impact that changes can cause [21] . EA is a blueprint that incorporates methods and techniques to have a complete view of the organization using models, frameworks, constraints, principles, and guidelines [21] . This blueprint supports control, governance and diminishes the organizational and the technological complexity to improve the impact of changes in HEIs. Moreover, this blueprint can be used to support different KM activities as measurement, identification, acquisition, development, use, preservation and distribution of knowledge [22] .
Additionally, EA supports directors and authorities of HEIs in making decisions while allowing the organization to obtain benefits such as cost savings, process standardization, identification of duplicated functionality of applications, the development of a common understanding of technology and governance of key data resources [23] . EA is essential to overcome some of the main challenges of a broad number of organizations [24] . In the case of HEIs, the main challenges are data integration, the opening of new campuses, implementation of novel technologies, pressure for innovation, attracting prospective students, individual student solutions and outsourcing.
C. KNOWLEDGE MANAGEMENT
Knowledge is considered a capability which can strengthen the positioning of an HEI [25] . Knowledge gives identity and differentiation to an organization. The differentiation comes from the strengths and weaknesses that the different knowledge assets provide to organizations. Knowledge has the same characteristics of a resource as it generates value and is difficult to imitate. The differentiation that knowledge assets give organizations provides a competitive advantage that is hard to replicate [26] . One of HEIs' main objective is to produce knowledge and become knowledge providers to citizens [27] . Therefore, knowledge must be captured and managed appropriately. Knowledge is defined as experience, facts, know-how, processes and beliefs that increase an organizational or individual's capability [28] .
KM is the process of identifying, capturing and transferring organizational knowledge to increase the organizational competitiveness [29] . Also, KM supports the exploitation and development of the knowledge assets of an organization with a view to strengthening the organization's capabilities [30] . The reasons for conducting KM in HEIs includes exchanges of academic staff, information overload, the increasing need for expert administrative and academic staff, improvement in decision making, and digitalization of knowledge. To succeed in the implementation of KM, it is necessary to first develop a process for knowledge retention, and sharing and secondly to establish a technological infrastructure for this purpose [31] .
The knowledge infrastructure must be capable to manage technological assets, people and processes. The first element to be managed in the infrastructure is technology. Technology is defined as: ''The purposeful application of information in the design, production, and utilization of goods and services, and in the organization of human activities'' [32] . Moreover, according to [33] , technology consists of two core components: 1) a physical component composed of products, tools, equipment, blueprints, techniques, and processes; and 2) the informational component which is composed of the know-how in the following areas: management, marketing, production, quality control, reliability, skilled workforce, and functional areas. In this paper, technology is referred to as objects used by humans (tools, software, hardware, machines). Technology is in the core of data capturing and knowledge creation.
The second element to be managed in this infrastructure is people. According to [34, p. 10] ''knowledge resides in the user and not in the collection of information. . . it is how the user reacts to a collection of information that matters''. Thus, it is important to design a mechanism that serves to capture and to transfer implicit knowledge immerse in the academic and administrative staff to a data repository. The high rates of staff turnover in HEIs [35] , [36] call for the implementation of strategies to retain the knowledge workers (academic staff). Organizations that failed to retain these workers are spending more regarding finding new staff and providing training [35] . It is important to note that a high performer worker deliver up to 400% more than their counterparts, therefore, the cost of wasted talent represents a serious problem to organizations [37] . Furthermore, turnover is considered a major concern in HEIs around the world [38] . Staff turnover cost US companies 600 billion in 2018 and is estimated that this number will grow to 680 billion in 2020 [39] . The high rates are indicators that strategies need to be implemented to overcome the loss of knowledge when academic or administrative employees leave the organization.
The third element that must be captured in the knowledge repository are the processes. Edwards describe processes as ''the way people, organizations and even technology actually do things'' [40, p. 297] . The importance of processes in a KM initiative is described in different papers [41] , [42] . Modeling of the current and future processes of an organization is an important step in the implementation of knowledge infrastructure. Processes modeled in an EA tool can be easily explained to new staff and they support stakeholders in the process of maintaining implicit knowledge of personal leaving the organization.
D. KNOWLEDGE MANAGEMENT FRAMEWORK
A KM framework is an abstract structure that guides the conception of a KM project. A KM framework supports the creation, capturing, use, distribution, and transfer of explicit and implicit knowledge. One of the frameworks that provide an important explanation of KM is presented by Nonaka and Lewin [43] . To understand this framework it is important to differentiate explicit knowledge from implicit knowledge (also known as tacit knowledge). Explicit knowledge can be formulated, documented and reproduced. On the contrary, implicit knowledge is difficult to document since it is associated with human knowledge. Implicit knowledge is composed of skills that people acquire such as speaking a new language or performing a work activity, therefore, is difficult to transfer to other persons. Nonaka states that the process to generate knowledge is based on the conversion of tacit knowledge to tacit knowledge, explicit knowledge to explicit knowledge and tacit knowledge to explicit knowledge and vice-versa [15] . The ways to transfer knowledge within this approach are for example by sharing experiences between old and new workers, by observing a skilled worker, knowledge obtained in meetings, capturing staff's knowledge in books or information systems and by analyzing reports and generating new knowledge.
The KM frameworks proposed in the literature are classified as prescriptive, descriptive, and hybrids [44] . Prescriptive frameworks are based on a methodology or procedures to give directions on how to engage on KM endeavors (centered on KM tasks). In contrast, descriptive frameworks are formulated to describe KM. This is to say, these frameworks enable the identification of factors that influence the success or failure of KM endeavors. There is also a hybrid approach for KM which includes characteristics from both prescriptive and descriptive KM frameworks (includes tasks to be done and how to implement an initiative in a practical manner). In the study from [45] , he compares 160 KM frameworks developed around the globe and identifies that half of the studied frameworks present and hybrid approach, therefore, hybrid KM frameworks are the most used.
E. EDUCATIONAL DATA MINING
EDM uses methods, tools, and algorithms of data mining to investigate educational data from students, teachers and administrative staff of HEIs. EDM is defined as an ''emerging discipline, concerned with developing methods for exploring the unique and increasingly large-scale data that come from educational settings and using those methods to better understand students, and the settings which they learn in'' [46, p. 1]. Romero and Ventura [47] propose an EDM method which is shown in Figure 1 . This figure depicts the knowledge discovery process with EDM. In the first step of the process, the preprocessing of raw data obtained from an educational environment is performed. This raw data is then modified (a new dataset is created) and used with EDM methods or algorithms. After that, a model is defined and the experiments are carried out. The results of experimentation are then evaluated and refined to improve the process [47] . EDM has been used in the last years to improve academic indicators [48] .
III. HYBRID KM INFRASTRUCTURE
This section presents the hybrid data infrastructure for KM in HEIs. The objective of the infrastructure is improving data analytics and therefore, decision making. This infrastructure was designed after performing research intended to VOLUME 7, 2019 understand the main sources of knowledge acquisition in an organization and the attempts to implement KM systems in the past [29] , [49] - [52] . The hybrid approach proposed is materialized from the integration of EA and BI&A. Therefore, this infrastructure suggests a method for collecting, presenting, using and producing knowledge.
A. KNOWLEDGE INFRASTRUCTURE
The novel knowledge infrastructure proposed in this paper is based on a KM framework that we designed to improve decision making in organizations [15] . This KM framework, used as the model for the implementation of the proposed infrastructure, includes EA and BI&A to guide the capturing of all the knowledge dimensions. The KM framework shown in Figure 2 illustrates the knowledge creation process. The component at the right depicts how explicit knowledge is produced by using EA and BI&A. This component takes implicit knowledge as an input. The implicit knowledge is produced by people and the understanding of the collection of processes in different areas of the organization. This understanding begins with the analysis of the architectural models digitized in an EA tool.
The knowledge discovery process inside the right box of the framework has the following steps: analysis of existing databases and files, extraction of useful information, transformation, formatting, and loading of data. This process known as Extraction, Transformation, and Loading (ETL) prepares data into a customizable format, cleans data with errors and eliminates duplicates, among other tasks. The purpose of this step is to load valuable data into the target database to improve the data analytics process. An EDW is a database composed of dimensions and fact tables which is independent of the transactional and operational environment of the organization. This multidimensional repository is used because it allows intensive calculations, processing, and analysis in millions of rows of data. Therefore, due to its features, it is considered the best target database [53] . The populated EDW is explored by data analysts using BI&A and data mining tools to visualize organizational knowledge.
Alternatively, the knowledge digitalization can be done in an EA tool. An EA tool supports the creation of architectures to translate implicit knowledge into models which describe organizational structures (people), business processes, applications, and technological infrastructure. The digitalization process includes an analysis of the different units and departments of the organization. Interviews with the staff must be realized by a team of business architects to document and model the different activities they perform.
EA and BI&A are the main methodologies for the creation of explicit knowledge. This type of knowledge must be presented easily and understandably. Consequently, the framework suggests the presentation of knowledge by using a KM system. The results of the BI&A and the EA process can be visualized and analyzed in the KM system. The output of the component at the right is explicit knowledge in the form of reports and dashboards that are presented to be used by people in all levels of the organization and can support in the design or redesign of new and existing processes. The explicit knowledge is the main input of the left box of the framework. Explicit knowledge can support and enhance decision making activities and can increase knowledge levels of the organization members. It supports the transfer of knowledge to new employees as well. As seen in the framework depicted in Figure 2 , the KM process is a cycle in which knowledge is produced on a daily basis.
A literature review that we performed in the past, warns researchers the little importance it has been given to the EDW topic [11] . Therefore, we believe it is necessary to give guidelines to researchers and practitioners on how to implement an EDW plus how to integrate it with an EA tool to implement a KM initiative in an HEI. In this section, an information infrastructure based upon the proposed KM framework is presented. This infrastructure highlights the main technological components that must be implemented in an HEI to analyze organizational information, produce and manage knowledge. The main components of our proposal -EA Software, EDW, OLAP tools, EDM software, KM system and visualization tools-are shown in Figure 3 and are described in the following sections.
B. IMPLEMENTATION OF THE INFRASTRUCTURE
The implementation of the proposed knowledge infrastructure in an HEI requires five steps that are shown in Figure 3 : 1) Implementation of EA software, 2) Implementation of an EDW, 3) Implementation of OLAP tools, 4) Implementation of EDM tools and 5) Implementation of a KM system and visualization tools. The details of these steps are described in this section.
C. IMPLEMENTATION OF ENTERPRISE ARCHITECTURE
The first step to implement the proposed knowledge infrastructure requires the selection of an EA software tool. An EA tool supports the modeling of the organizational components of an HEI as people, academic departments, processes, applications, and technical infrastructure. With the processes of all the different dimensions of the organization modeled, a data analysist can have a clear picture of the organization. This visibility makes it easier to identify the pertinent applications and the data that could be loaded into the EDW. In order to choose the right EA tool, it is recommended to perform an evaluation and selection of software tools. In a previous work, we presented the initiatives for performing an evaluation of EA tools and after investigating the literature [54] , we chose the three most adequate methodologies for this purpose. Moreover, the steps to initiate an EA project were described [54] , [55] . Once the EA tool has been carefully chosen by performing different analysis (obtaining a long-list, hands-on evaluation, obtaining a short-list, final evaluation), digitization of knowledge should be carried out. The digitization of knowledge requires a stakeholder analysis and a team of specialized people to perform interviews before the start of the project. These interviews are essential for capturing the know-how of the academic and administrative staff and the activities they perform. It is necessary during or after the interviews to model the applications, the business processes and the different procedures and daily activities that the staff performs. The main output of this phase is the identification of the relevant and requested data repositories and information that will be used in the ETL to the EDW.
In this investigation, we used an EA software tool to model the different organizational dimensions which exist in an HEI. Mainly these dimensions cover the people (students, researchers, academic and administrative staff), the business processes (admission, registration, evaluation, graduation, research, student welfare, among others) and the information technology (IT) infrastructure (servers, personal computers, laptops, mobile devices, software applications, and the computer network). The EA tool was integrated into the EDW proposed in this work to encounter the relations between the organizational dimensions and to discover insights that could not be seen by using only an EDW. The data from the EA repository are loaded and integrated with the data from the data warehouse into a single repository for a different and new type of analytics. EA analysis is concerned with the application of property assessment criteria on EA models in order to infer new knowledge [56] . EA tools can perform diverse types of analysis. In Table 1 an overview of the data analysis procedures that can be performed using EA is shown. These procedures are the following: dependency, coverage, interfaces, heterogeneity, complexity, conformity, costs, and benefits.
There are different challenges when implementing EA projects [57] . These challenges are mainly because most HEIs are not aware of EA and therefore, an architecture of their business process, applications and infrastructure does not exist. Consequently, the alignment of business and IT becomes challenging. According to the Harvey Nash/KPMG 2017 CIO Survey, EA has become the fastestgrowing, in-demand skillset in technology [58] . HEIs using EA could acquire a competitive advantage in a short period by implementing agile EA [59] , which is the gradual implementation of EA in the areas or departments of more interest for the organization to obtain value at an early stage.
D. IMPLEMENTATION OF EDUCATIONAL DATA WAREHOUSE
Different EDW design methodologies [53] , [60] - [62] can be found in the literature. After performing several analysis in a systematic mapping, the use of Kimball's methodology is suggested in an educational scenario [11] , [63] . This suggestion is valid for HEIs where its departments and units are not integrated and operate as information silos. Based on the results of the systematic mapping the following steps are proposed for the EDW design: 1) Diagnosis and requirements analysis, 2) Data source and data supply analysis, 3) EDWdesign and multidimensional modeling, 4) ETL process and 5) Application system, reporting, dashboard, and OLAP development.
1) The diagnosis defines the current situation of the organization, the scope of the EDW project and identification of stakeholders. Different management frameworks can be used for this purpose, for example, The Open Group Architecture Framework (TOGAF), European Foundation for Quality Management (EFQM) excellence model, business process models (BPM) [64] , among others. 2) The data source and data supply analysis (Information need analysis) is recommended to be done performing interviews with stakeholders. It comprises three studies. Firstly, an analysis of the information supply of the organization. The information supply analysis includes a study of all relevant data sources that will be significant to the scope of the project (an EA tool might be used). Secondly, an analysis of the objective information needs. The objective information need analysis requires the study of the business models, processes and strategies of the organization. Finally, subjective information needs analysis must be performed which includes eliciting explicit requirements from the stakeholders.
3) The EDW design and multidimensional modeling include the modeling of the conceptual, logical and physical model. The EDW design needs to consider all the requirements gathered in the first phase. There are different methodologies that can be used to design a data warehouse [53] , [60] - [62] . In a systematic mapping that we performed on the past on data warehouses in education [11] , it was found out that Kimball is the most used design methodology and the star schema is the most implemented schema in educational institutions. But, based on the requirements of the project, practitioners and researchers can choose which methodology or schema suits a particular scenario. It is strongly recommended to use CASE software to convert the models into the EDW schema. 4) The ETL process should be executed in this phase.
ETL supports the loading of data from operational data sources into the EDW. This step includes the extraction process to intermediate files or directly to the target database. In both cases, a data cleansing process needs to be done. It is recommended that the loading process is automated so that the repository stays updated. 5) The implementation of the application system to obtain reports and dashboards is the final phase of development of the EDW. In this study, the analysis of data from the EDW can be performed using a data base management system and the KM system that is suggested to be implemented as a future step.
E. IMPLEMENTATION OF ON-LINE ANALYTICAL PROCESSING TOOLS
The OLAP tools need to be selected and installed. These tools support stakeholders in the data analysis and the decisionmaking process. Moreover, these tools help to perform roll up, drill down, slicing and dicing operations with the data. OLAP has been considered for many years as the cornerstone of BI. There is a new vision for OLAP operations in the future. The idea is to develop a new type of OLAP analysis by defining intentional operators which try to understand the intentions of the user with respect to the information needs.
Intentional operators allow users to define their analytical goals over the cubes as intentions and map these intentions with knowledge discovery algorithms to infer new knowledge and to obtain new types of analysis [65] .
F. IMPLEMENTATION OF EDUCATIONAL DATA MINING TOOLS
It is suggested the implementation of EDM software which can be used for predicting trends and defining patterns with the data. EDM explores the organizational context and is key in the study and improvement of academic indicators in HEIs as dropout rate, graduation rate, restructuration processes, and organizational management [66] . Diverse tools can be used for this purpose which are equipped with plenty of machine learning algorithms. A list of tools is shown in Table 2 .
G. IMPLEMENTATION OF KNOWLEDGE MANAGEMENT SYSTEMS AND VISUALIZATION SOFTWARE
The implementation of KM systems supports the analysis of information from all the organizational dimensions in an organization. HEIs can obtain benefits of these systems. The infrastructure proposed in this paper is a hybrid that integrates an EDW with EA tools. The KM system must be designed with strong visualization capabilities. It is recommended as well to include additional tools and plug-ins which allow the presentation of reports and dashboards. Visualizations tools provide a graphical vision of the analyzed information. These tools are used to create graphical displays and interfaces for software applications. They are used in different industries, including transportation, telecommunications, manufacturing, and education, to display information in formats designed to be easily understood.
There are some methodologies for the implementation of KM systems [67] , [68] . These methodologies suggest how to develop a project to cover the capturing of the knowledge dimensions. Our approach presents a more technical view on the development of a knowledge infrastructure. In this phase, we suggest creating the knowledge system as a web platform integrating the EDW repository and the EA repository to obtain the organizational collected data to infer new knowledge from both repositories and visualize reports and dashboards.
IV. CONCLUSIONS
This paper presents a hybrid information and knowledge infrastructure for improving decision making in HEIs. This infrastructure was designed based on empirical research intended to improve HEI's management. After analyzing the different possibilities we have proposed a method for the implementation of the infrastructure which answers the research question of this work. The infrastructure.is based on the integration of two data repositories: an EDW and an EA repository. By using BI&A and EDM, different experiments can be carried out to improve academic indicators. The results of these experiments give visibility to academic directors for timely decision making.
The systematic mapping that we performed on the topic of EDW [11] shows that researchers and HEIs do not give adequate importance to the implementation of an EDW. For that reason, this novel approach can guide in the implementation of an infrastructure that can manage all the knowledge generated in the organization and that can be a source of opportunities to improve organizational processes and a valid data source for applying different type of analytics with OLAP tools, dashboard and reporting tools and EA tools to assure quality outcomes in the BI&A process.
The implementation of this infrastructure in HEIs is challenging; mainly due to the fact that in companies it is unexpected to have a 180 degree turn in strategic direction, which is very usual in HEIs when there is a change of authorities. The proposed infrastructure is being implemented in a HEI with promising results. Nevertheless, it is important to establish mechanisms for the evaluation of the improvements made in knowledge processing.
Another fact is that in an HEI the staff has different responsibilities and the board of directors tends to change every four years which make the data analytics process very different to a business organization. For example, in Spain, the steering committee of public universities are elected every four years. The elected Rector and Vice-Rectors normally designate their governing team or academic directors, which in turn designate their trusted assistants. Likewise, this is repeated at the faculty level. These changes in the direction of an HEI are radically different from how a company works. Knowledge could be the cornerstone to overcome all the challenges to maintain the strategic direction over time. Therefore, the hybrid infrastructure design must consider these facts and be very flexible to ease disruptive changes in the strategic direction and management.
The proposed knowledge information infrastructure facilitates the traceability of the students, administrative and academic staff to improve decision making and to improve organizational processes. Besides, it is a source to have a knowledge base in the organization and a tool to produce explicit knowledge. Moreover, the use of EA, as a part of the solution, can support and ease the problems derived from staff turnover which is the main cause of the loss of implicit knowledge and the increase in operating costs.
As future work, we propose to research more mechanisms to obtain the implicit knowledge from the staff of the organization and to automate the ETL process to have the repository updated all the time. Moreover, the hybrid infrastructure presented in this work can help improve the efficiency of a HEI. The models captured in the EA tools can be a source for new software development when a labor-intensive process is identified and can be automated.
Finally, we propose to combine the resulting EA models with model-driven software development. The models can enable the development of applications based on all the required business processes, actors, roles and objects for a given department in a HEI. Using all the capabilities provided by the EA modeling languages, we can design applications as industry-specific as needed with techniques such as profiling or stereotyping. This proposed initiative can serve as a solution for the creation of new knowledge capabilities and will contribute in the desired technological business alignment of any HEI. JORGE CASTRO studied computer science. He is currently a Research Assistant with the Computer Science Department, Universidad Tecnológ-ica Equinoccial. In recent years, he has focused on statistical learning and data mining. He has participated in several independent projects as the CEO at Widboo Operating Company, LLC. His main research interests include software development, data storage, and big data. He has been part of the organizing committee of several conferences and international scientific meetings.
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